Abstract.-Tissue culture cells of a Rous virus-induced rat tumor undergo syncytium formation when placed in contact with mouse embryo cell cultures infected with murine leukemia viruses. This phenomenon can be used as a cytopathic end point for isolating and titrating these viruses in tissue culture. The principle should be applicable to detection of leukemia viruses of other species.
Sensitive tissue culture techniques have been developed for the isolation and propagation of murine leukemia viruses.1 2 However, the growth of these viruses in cell culture is not accompanied by any observable change in the appearance of the cells; consequently, demonstration of their presence in a culture requires use of serological procedures-either complement fixation (the COMUL test)1' 2 or fluorescent antibody.3
This report describes a unique endpoint system for detecting the gawth of murine leukemia viruses in cell cultures. It was observed that a cell line of a rat tumor induced by an avian sarcoma virus, when added to mouse embryo cell cultures infected with murine leukemia viruses, developed rapid and striking cytopathic effects. This phenomenon, referred to here as mixed-culture cytopathogenicity, has been utilized for the development of an assay system. Materials and Methods.-Viruses: Tissue culture passaged linesl 2 of various laboratory and recently isolated field strains of murine leukemia virus were used. As a representative naturally occurring virus, pooled serum of 6-month-old AKR/N mice was also studied.
Tissue cultures: Cell cultures of 14-to 17-day NIH Swiss and BALB/cN mouse embryos were prepared and maintained as previously described.1' 2 The indicator cells were the XC line of Svoboda et al. 4 Results.-Characteristics of the mixed-culture cytopathogenicity: The XC cell is a rapidly growing cell line of relatively small cells which appear triangular, broad, fusiform, or round. They attach well to glass and may develop areas of piled-up round cells. On occasion, a few large round cells containing one or two large vacuoles can be seen; syncytial areas have never been seen in control cultures.
When seeded onto uninfected mouse embryo cell cultures, the XC cells settle into the cell sheet and the scratched channels. They multiply rapidly, becoming confluent in the channels and invading and replacing the cells in the sheet. Within five to seven days, most of the mouse cell sheet has been destroyed and replaced by the rat tumor cells.
When overlaid on mouse embryo cells infected with mouse leukemia viruses, the XC cells show three types of alteration. The earliest response is formation of syncytial areas containing from four to several dozen nuclei; syncytium formation can be detected within 3 to 6 hours after addition of XC cells and is generally extensive by 24 hours (Fig. 1 ). The syncytia are most readily seen in the channels, where they usually appear adjacent to the margins of the mouse cell sheet. Small syncytia also form in the cells lying on or in the cell sheet, but these are difficult to visualize in unstained preparations.
The syncytial stage is followed by formation of large numbers of bizarre, giant round cells with one or two large vacuoles (Fig. 2) In all instances, the mouse embryo cultures supporting the growth of the leukemia virus induced cytopathic effects in the XC cells; where the mouse embryo culture was resistant to the leukemia virus strain, no such effects were induced. Also, the other murine viruses tested gave negative results.
To test for the sensitivity of XC cells to direct infection by leukemia viruses, the agents listed in Table 1 Discussion.-The cytopathogenicity system described here should provide a useful technique for detecting murine leukemia viruses. Since it does not require serological reagents, which are difficult to produce and possibly variable in the spectrum of antibodies contained," 2 the test may be more broadly useful than the COMuL test. Also, it should prove more sensitive than the COMUL test in being able to detect small focal areas of infection and should be adaptable for use as a quantal assay system. In preliminary studies, the mixed-culture cytopathogenicity system has proved to be sensitive for detecting murine leukemia viruses in several chronically infected mouse and rat cell lines, as well as in the acute infections described here.
The mechanism of syncytium induction in the XC cell is not known. From the rapidity of their formation it can be inferred that the syncytia arise by cell fusion rather than endomitosis; also, mitotic figures have not been seen in the syncytia. Proximity to infected cells seems to be a major factor; virus alone may induce a few syncytia and giant cells, but they form after several days rather than within hours. Also, preliminary studies with fluorescent antibody techniques indicate that syncytium formation occurs immediately adjacent to foci of infected mouse embryo cells. Whether the release of virus particles, the presence of viral antigen in the surfaces of mouse embryo cells, or some other cellular alteration is the stimulus for syncytium induction is not known. Also, it is not known whether the mouse cells form part of the syncytial masses.
The protection of the infected mouse embryo cell sheet against invasion and destruction by the XC cells is often dramatic. This may result from the damage to the XC cells which settle onto the infected cells, or there may be a form of contact inhibition not induced by mouse cells with normal plasma membranes.
The XC cell seems to be unique in its responsiveness; another Prague strain Rous rat tumor cell line, a variety of murine leukemia infected or transformed rat and hamster cells, and normal rat cells have shown no alterations when added to murine leukemia infected NIH-ME. Also, the XC cell showed no morphologic alteration when plated on chick cells infected with an avian leucosis virus.
The mixed-culture cytopathogenicity technique represents the first end point for bioassay of a nonfocus-forming leukemia virus which does not require in vivo studies, serologic reagents, or electron microscopy. Thus, the principle may be useful in searches for leukemia viruses of other species.
